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cuts of meat in salt. This method, while somewhat 
effective for preserving meat and keeping it from 
becoming spoiled, had many drawbacks not the least 
of which was the incorporation of large amounts of 
5 salt into meat slated for human consumption . 

The use of additives or preservatives 
such as nitrates and nitrites to meats is another 
conmon technique for preserving meat over time. 
However, there is ever increasing evidence that 
10 such additives may have harmful, even carcinogenic 
drawbacks. These drawbacks detract from the use of 
these compounds as mechanisms for the long term 
preservation of meat. 

With the introduction of reliable means 
15 for refrigeration, i.e., the ability to maintain a 
low temperature regardless ot the external 
environment, the long- tertri preservation of raw meat 
has been greatly enhanced 7 and greatly increaseci the 
duration of the preservation. Frequently, in 
20 ^fiiodern meat processing, animals are slaughtered at 
one place which can be remote from the point of 
sale .and the eventual consumer, and as much as a 
week can pass before the meat is actually consumed. 
This lag between the slaughtering of the meat and 
25 its consumption requires that the meat be 
constantly maintained under refrigeration in order 
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; '" !; ' :; ' ::: A : MtoOD^ FOR ' ^ MEAT 
AMD THE MEAT PROCESSED TFTKFKBY 

: Vc m a ■ ■ ■> BACKGROUND OP "THE INVENTION 

- -.-..^ TECHNICAL FIELD ' l 

;; % " The presents invention related to a method 
for; preserving raw- meat and morfe specifically 
relates, to a ; method for preserving raw meat by 
10, exposing . the :meat to ah atmosphere consisting 
.,. essentially of carbon monoxide ' 

BACKGROUND ART - 
It is well known in the meat processing 
15 industry that from the time animals are 
slaughtered, measures must be taken to preserve the 
meat .and prevent it from becoming rancid or 
m spoiled. The measures to preserve raw meat must be 
•L implemented * and carried through from the time the 
20 animal is first slaughtered through the v; time" the 
■ meat is ? purchased and ultimately' corisumed by the 
; : purchaser : - " 

Historically, preservation of the 
\ freshness or quality of the meats has been 
25 :r practiced for hundreds, if not thousands of years. 
: Early preservation techniques of meat took the form 
of drying or * jerking" meat and packing or storing 
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to .V^^^S^f^^j^m^.^. degradation 
over thisitairie pe^o^rV 7 -- - •• it ^ ; ' - -" - ! : .. — 

;. ; Por example,; -an ranimal . (a cow) may be 
slaughtered and cut into halves or quarters which 
5 are then forwarded .to. -. a- wholesaler or retailer 
. where they may., be divided- into smaller cuts such as 
steaks or roasts., .. During the. transfer, of the meat 

* from, the slaughter house . to .. the wholesaler, or 
.. ; retailer, the meat must be maintained, ^frequently - 

10 the meat is frozen-in order to preserve its 
quality. After the meat has been divided into cuts 
for sale to the eventual consumer, it must also be 
maintained under constant refrigeration in order to 
preserve its quality. Under this distribution 

15 , scheme, it can, be from^a few days to more than a 
. wee)c . ^fore. the meat ,is purchased and . consumed. 

• 1 1 : , theref pre , ..becomes -evident -that .this -const ant 
. requirement for ...very low -temperatures, greatly 

- COI1 tributes to^ the .cost of meat. i. . r ; r . ; 
20 . .• .Another .example of-.- 1 .the. costly 

disadvantages of very low transportation and 
storage temperatures . can be illustrated by practice 
of long distance overseas shipment and distribution 
of frozen meat. -Today, .freezing is a standard 
25 method of distributing meat. processed. in one region 
. of the world to another region .where it is to be 
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...consumed. -.Overse W ., P h^nt. § f. i «ro I e f meac is both 
". very costly, and thawed .meat obtained by this method 
, is. no longer considered to ■tresf, -a-.. 
" is. . once a .piece, of -at has been frozen, by 
5* definition , it is nc longer considered to be 
-fresh.-, A method of ov«.eM. transportation of 
meat which maintains the -freshness- of meat 
" transported for distribution would be highly 
. desirable. Since the only method available for 
10 long, distance., overseas distribution of. meat .is by, 
' shipping frozen -at. no method ; currently exists 
which would allow for the overseas distribution of 

"fresh, " unfrozen meat . ; ; . r 

Transportation of ^slaughtered meat from 

15 the slaughter , house to the wholesaler or retailer 
retires the use . of some form of refrigerated 
transportation. such as refrigerated tractor- 
trailer trues. . This is a costly -de of 
7 transportation . since . it requires specialized 

, ovtra fue i to provide and maintain 
20 equipment and extra ruej. * ^ .- ; 7. • . 

refrigeration. - :; 



25 ... 
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In addition £6 1 preserving ^the - overall 
quality and fitness of the meat for consumption, 
other methods have been 'derived which are Sainted at 
preserving the "color* ""of fresh' * meat . * ~ That' : is , 
5 methods have been developed which maintained for 
example, the red color of fresh meat, such as beef . 

Typical exatrples of methods for treating 
raw meat to preserve' the color of the me?at are 
disclosed in United States Patent Nos. 3,459,117 to 
10 Koch et al., 4,001,446 and 4,089, 983 both to Hood, 
and 4,522,835 and 3 , 930, 040 to Woodruff et al . All 
of these patents disclose methods or processes for 
preserving or maintaining the color of meat such as 
beef, poultry or fish. 
15 Both of the Hood references disclose 1 

methods of exposing an animal protein source to a 

: '' ■ , . .-*•* - 

reducing agent and then an *" environment of carbon 

monoxide in order to preserve trie bright red color 

of protein source. Additionally/* the Hood et al. 

20 references only ' treat slurries * of the -protein 
source as this is required for saturation* by the 
carbon monoxide. The source is then mixed with the 
remainder of the food stuff to prepare a moist dog 
food. Further, the references are concerned only 

25 with the application of carbon monoxide in order to 
preserve the color of product and both require 
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^subsetfifent^ processing, shg&cM canning or heat 
^terilizationv in .order. to ; preserve, ,phe : , actual 
e quality ' and *. freshness , ^ the , .product, 
,, Additionally; the,Hood,' 983 -refereace discloses ,the 
5 . addition of a- suf f icient,,amount, r of : microbiological 
v :andl b ac t eriolpgical, inhibitors to, further preserve 

. .... , The, Woodruff et al 835 reference 

, discloses a process for maintaining a. good color 
L0 and: the freshness meat by first exposing meat, -to an 
, .atmosphere with a small amount of , oxygen and, then 
. exposing the, : meat , to a .modified atmosphere 
containing a small amount of carbon monoxide to 
effect,, , the > conversion, of myoglobin., to 
15. carboxymyoglobin. ,, A third required step is ; the, f _ 
.maintenance qf the meat in an atmosphere of higher 

than 10% carbon dioxide.. ai> < ... 
, r The Woodruff : et.al,.,'040 patent discloses 

a; process for storing or ^shipping, fresh meat, in a 
20. < modified gaseous atmosphere. , The process .r^uires , 
x maintaining refrigerated meat in an artificial 
, atmosphere composed „of- - oxygen, carbon dioxide and 
carbon monoxide as well as nitrogen. The carbon 
monoxide may be removed from.. the modified material 
after the meat has been treated for at least one 



25 

hour 
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r The Woodruff <etxL-,al;-. ..patent^ ,, v _teach 
• 'nuintaininrth^- color- in'meat by treating .the. .meat 
with a mixture of ^gases-including carbon -, monoxide. 
That is/- th* Woodruff -et al, patents teach.chemical 
5 alteration of ' the^ surf ace of the meat to ^maintain, 
the color of the meat and utilize . refrigeration for 
meat preservation. Additionally, the Woodruff et 
al. patents teach the treatment of" meat using a 
gaseous mixture of carbon monoxide, oxygen, carbon 
10 dioxide, and nitrogen. This method of treatment, 
results 'in- the creation of a storage environment 
which has'- low oxygen concentration < and- a carbon 
dioxide 'concentration of approximately, ten percent. 
This type of gaseous mixture creates optimal .growth 
15 conditions for the growth of microaerophil: bacteria ' 
such' as • Helicobacter pylori > and Campylobacter 
jejuni which are known to be pathogens which cause 
widespread gastroenteritis.' - The Woodruff et al. 
method' of treating -meae -does maintain -the' color of 
20 fresh meat; however. *th« Woodruff et al. method has, 
the disadvantage of accelerating bacterial 
contamination- of meat treated by . the Woodruff et 
al. method, thus shortening the storage life -.of the 
meat treated thereby. - . . 

25 ' 
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»«. v^v, al '117 patent, discloses a 

41 fftr treatinq fresh red meat with 
, cover . useful ; for .treaciuy • . : 

• - 4« nHpr to maintain the bright red 
carbon monoxide ., in , order, i<o maxi* . . , - .. . . > 

''col^of'.W,**,, Koch ec al.. y teaches a cover 

s comprised of., two films ^ sealed , together 

around the edges and which confines a quantity of 

carbon monoxide,^, therebetween. Both film layers 

are substantially carbon monoxide impermeable when 

dry. however; when the film i. brought into contact 

10 ' with a freshly cut sample .of red meat, the moisture 

in^he.meat wets the film and transforms the film 

into a carbon monoxide permeable structure. The 

carbon, monoxide then contacts the meat sample 

thereby causing the meat to maintain its desired 

15 red color. v 

The Australian Patent Document No. 

^- A -l8S5 9 ^ to Tamayam* >t al.. discloses a 

4 method for maintaining and improving the ^ality of 

t-o contact and absorb carbon 
. meat by causing meat to contact an 

" i„ a sealed container and then 

20 monoxide gas in a seaxeu ? ; , r 

i „f t-he carbon monoxide gas from 
requiring .removal of tne v can» , . r g 

Oe container. Exemplifying the criticality of the 
removal .. of the, carbon,, monoxide gas from the 
container, the patent . retires that the carbon 
„;, monoxide gas within . the container be sucxed and 
discharge by means of a pump. 
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Heretofore'; the treatment' 1 of raw meat 
with carbon "monoxide ! has : ' 'bielen taught -sinply^ as- a 
mechanism for preserving' the : color of thVmeat^ahd, 
not as a mechanism for the long-term- preservation 
5 of a meat sample over time in a" 1 fresh, nori^frbzen 
form. 

While the above -disclosed " patents teach 
the exposure of raw tneat to gas mixtures containing 
carbon monoxide or the exposure Vf meat slurried to 
10 carbon monoxide in combination witfh other steps, 
they fail to teach a 'simple method of exposing 'raw 
meat solely to carbon monoxide . ' v " ' 

In order to overcome the problems' and 
deficiencies of the ' prior art methods, it v is 
15 desirable that a method of preserving raw meat'* be 
introduced which eliminates the cost and associated 
problems with the prior art preservation 
techniques. 

Applicant has developed a r single step 
20 method for preserving' meat by exposing raw meat to : - 
an atmosphere consisting essentially of * carbon 
monoxide and, then, storing the meat' in a sealed 
container. Unlike prior art preservation methods, 
no additional steps, compounds or additives are 
25 required in order to prevent the growth of" : 
microbiological or bacterial organisms. 
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• ... smoOKYOF TEE nWSHTIQP »H» MWWIT110ES 

= fr- ; , According; to', th* present, invention, a 
^hod for preserving meat by exposing raw .neat to 
an atmosphere consisting essentially ^ carbon 
^noxide is shown. Meat treated according to the 
present invention may not require any form of 
subsequent refrigeration under certain conditions 
and time constraints and can be stored for long 
periods of time following treatment with the carbon 
monoxide without significant bacterial growth, 
without freezing, and without a loss in meat 
quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other advantages of the present invention 
will be readily appreciated as the same becomes 
better understood* reference t* the following 
bailed description when considered in connection 
with the accompanying drawings wherein: 



10 



15 



■'■ " ■ FIGURE 1 is a bar graph of the 
r elationshi P between aerobic bacterial growth on a 
fresh meat sample stored at 22-30'C over time in 
either a CO treated environment or an air only 
25 environment; ... .-» 
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; i % 'F%^ L ^^s^ Histograms illustrating 
preservation ; auratfon-of CO preserved meats and air 
treated meat preserved at' 5 : +/^3°C as^ "determined 
by Microaerophil growth/ 

FIGURE 2b is a histogram illustrating 
preservation duration of CO preserved meats and air 
treated meat preserved at 5 '♦/- 3°C as determined 
by total viable aerobic bacterial growth; 

FIGURE 3 is a graph illustrating spectral 
analysis of the amounts of hemoglobin in the blood 
of cat? that .consumed either CO treated meat or air 
treated meat ; 

' ' - l " . .-. ■ 

..FIGURE 4 is a photograph illustrating 
-meats... the colors of meat treated wich (A) V3LCUum 
only, (B) N 2( _ (C) air. and (D) CO; 

FIGURE 5 is a photograph illustrating the 
color change in meat treated without CO (left) and 
meat treated with CO (right); 



FIGURE 6 is a photograph illustrating the 
25 internal color change of meat treated without CO 
(left) and meat treated with CO (right) ; 



15 



20 
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r : t FIG^,7,^,a^t<^^U8trating the 
"o ' color ; Phange of, a.pie.e,. of r:; frssh ,CO , treat ed . meat 
stored' at 5% for three r days; , ; ...... 



J"" ' FIGURE 8 is a photograph illustrating the 

i. _ ; n piaure 7 stored with CO 
same meat sample shown in Figure / 

at 5°C for ten days; 

FIGURE 9 is a photograph illustrating a 
10 transverse cut of the meat sample shown in FIGURE 8 
n^ade at 7 cm from the edge showing homogenous 
bright red color; 

FIGURE 10 is ' a photograph illustrating 

y „f co treated' (left) and frozen 
15 transverse cuts of CO treats 

, f( . ar t-welve days of storage; 
(right) meat samples after twelve a-y 

FIGURE 11 is a photograph * of the 
• transverse 1 cuts of '.meat shown ' in PICURE lO^af ter 
2 0 cooking ; * < v ...r 

flGOPB 12 is a photograph iiluBtfriting 
. ' tranS ver se .=u t s Of Che coo*ea ^ shown in 

FIGURE 11; and , 

25 ...... . - :. 
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^^I'G^^'-'^^a^pfidtog^iptf -illustrating a 
section 'of CO 'trSatea' meat r as shown, -in- FIGURE.: io, 
following exposure ' to'- 7 open-"" -air at S q C'- for" two 
weeks, at the end of this two week period, the meat 
5 sample was ground" a 200 gram" "hamburger- like"' 
sample was cooked and released CO was" measured, 
(top) prior to cooking, (bottom) "following "cooking. 

DETAILED DESCRIPTION OP THE PREFERRED EMBODIMENT 

10 . .... Generally, the present invention provides") 

a method for preserving meat by exposing raw meat, 
processed or not, to an atmosphere consisting 
essentially of carbon monoxide (CO) and, 
subsequently, storing the meat in a sealed 

15 container. ' • - ^ 

For the purposes of the ' present 
..invention,^ the term "meat" is defined to include j 
- . ^11 types : .of fresh meat and fresh poultry such as ! 
beef, pork, veal, lamb, chickenT turkey, fish and \ 
20 the like. The meat may be in the form of \ 
...carcasses, primals (e.g., quarters), subprimals 
(e.g., top round), or retail cuts (e.g., steaks, 

ground meat and roasts) . The process is also i 

j 

effective on whole animals including, but not ' 
25 limited to, cattle, chickens, and fish. Unlike 
prior art methods, the meat need not be slurried or 
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nretreated "Fresh meat" is defined as a 

... otherwise pretreatea. ^..^n t ; , . r *i . 

- '• hP e n frozen and 

.neat article which has _ not been ^fr 

^vvk-.-^v-. *< J u ^ Vm= eale or consumption, 
subsequently chawed before its sale o . 

By preserving, it is 'meant that the meat 
7 "maintains a pleasing ' color. >oee not spoil and 
develop a foul smell, bacterial growth is 
'" significantly inhibited or retarded, and renins 
" completely ' pleasing, edible' and consumable by 
'. ' numans and other animals . Preservation is not only 
ko 'maintained on the surface of the meat, but also 
: throughout the entirety of the meat. That is, the 
M at is preserved throughout the thickness of the 
' „eat. "Pleasing color" implies that the color of 
1 th e meat, preserved by the method according to the 
15 present invention, is such that it stimulates the 
appetite to consume the meat. " That is, the color 
^ cdor of the preserved meat is such that a 
; consumer would be enticed by the meat and would 
: 1 wanc to consume 'the meat. Again, 'meat color is 
.Iso preserved throughout the thicfcness Jot the 



20 



25 



meat . r 

The term -without freezing" is defined as 

coring the meat 1 wherein the' temperature is Kept 

30°C The term 

between approximately -2 to 

"Without freezing" also excludes the use of any 
d evice or method for freezing the meat. Such 
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: ,. de r ic ?s . include, ^ ' mechanical" '" or JZ ' 4^b&ical 
refrigeration devices ' such " as" "refrigerators, 
"... , free2 ers, coolers, and chillers. " This 'tentf' a also 
, excludes the preservation of ' meat by freezing 
5. through storage on ice. "• " " : ' tM : 

Exposing raw meat to an atmosphere 
consisting essentially of "carbon* monoxide' is/ 
..defined as bringing into intimate contact 'both 
. carbon monoxide gas and the meat being treated. 
10 The atmosphere preferably consists of" 'carbon 
monoxide. This term also includes the complete 
v conversion of myoglobin present in the meat sample 
to carboxymyoglobin and, the complete conversion of 
myoglobin to carboxymyoglobin/carboxyhemoglobin in 
fish,. The meat is completely immersed or saturated 
with carbon monoxide. 

. s More specifically, a cross-section of 
meat is completely immersed in or saturated "to its 
core with carbon monoxide from the exposed surfaces 
through the entire cross-section (thickness) 
.including its core region and retains the carbon 
.... monoxide until the meat is cooked*' Thus, as stated 
above, the meat is preserved throughout its 
thickness. 

25 ""■ : ■' ■ 



15 



20 
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mnnoxide is inherently a very 
, ,3u-t... - - ^ - . ^piativelv Ttiore 

inert gas,. .... Carbon ..mpnoxrfe^ « la , C1Vely , 

.„ „ id e gas (NO) released from 
.- inert;, tha»; . nitr j,^ . PWOe jr",..*, .-.a .-, .. ,. .. 

„. e( j as preservatives tor 
, nitrites -hi* have been used v ^, 

5 '. meaner several hundred, years. Carbon monoxxde « 
„ 'n 0 ™l metabolites t^body,. Xt is Produced 
indigenously .as . a product o£ he M catabclis* 
: M the breakdown . o £ hemoglobin, . Carbon 
:! Mn oxide is further converted to carbon dioxide and 
10 is^released from the body in that form. Recently. 

rhat normal metabolism utilizes 
it has been found that norm* 

„i de as a neurological messenger, 
carbon monoxide as , r 

.Baranaga. W ») * ^ ""^ °' ?*" 
monoxide generally stems from . its ability to 
15 compete vith .oxygen for. binding to hemoglobin. 

" . „ a ii of the carbon monoxide 
. Practically all or tn t . 

" mMt will be maintained as 
(over 99.9%). taken up by, meat will ^ ^ 

, , ■ n (Hb/Mb) bound forms. The 
hemoglobin and myoglobin (Hb/MD) 

of carbon monoxide in the meat is 
distribution of carbon ^ „ . . 

" 1 " ' k 9 h OU t half in each globin type. This 
20 assumed to be about hair i 

i. based on the fact that mammalian 
estimation is basea 

^rtvimateiy two-thirds of their 
nicies contain approximately 

I -i^n and one-third as myoglobin, 
qlobins as hemoglobin ana o 

V J QC racked as meat, it looses = 

but when muscle becomes packed a 

25 portion of its hemoglobin. 



10/04/20.02,, EA5T Version: 1.. 03. 0002 



WO 96/33096 



-17- 



PCT/US96/05373 



10 



15 



Both hemoglobin aW^nyoglobiii bind carbon 
monoxide much more Vtfohgiy than ' oxygen.. J Native 
Hb/Mb contain iron" 'and divalentr oxidation'^ -state 
(Fe +2 ) and only in inis 'form are Hb>Mb capable » of 
binding the gas ligands 0 2 , NOV and" CO. following 
any change in the iron oxidation state, Hb/Mb loose 
their CO binding ability. Denaturation of the 
proteins (e.g. by heat) can alsd result in loss of 
CO binding potential (as well as other ligands) . - 
Hb/Mb are established catalyzers of the 
oxidation process ' in biological tissues. under 
regular atmospheric conditions, the Hb/Mb in fresh 
meat, which are in their native form, exist in a 0 2 
bound form, the so-called oxy-Hb/Mb. Oxy^Hb/Mb 
tends to undergo autooxidation ebWeiflb/Mft -namely 
the oxidation of the Hb/Mb divalent iron to Fe* 3 
can concomitantly with the formation of superoxide 
anion 0 2 " by the reaction ' 0 ■ " ^ ■■; 



oxy-Hb/Mb (Fe +2 ...6 2 ) 4 Met Hb?Fe 43 ) ♦ 



20- O 



J 2 



25 



•.The superoxide anion is unstable and 
further forms hydrogen peroxide (H 2 0 2 Y which 
together with Hb/Mb acts as a" highly'' active 
peroxidation system. Met -Hb/Mb no longer binds any 
of the gas ligands including carbon monoxide. Oii 
the other hand, the Met -Hb/Mb are catalyzers of 
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o^^ns,. mvm & W b0Und " 

." a,/*, .in a .carbon .nonoxide ;: bound W »/» ■» 
.'.protected from. autooxidaticn. ; . Therefore, to 
: . protect meats from autooxidation. car.cn monox.de 
5, - is best..applied.,.to fresh meM. ^. . , , ,■■ 

jt . is. . thought that . the mechanism, for 
" carbon ' monoxide', preserving of ^t is the . much 
gre ater affinity of myoglobin .for, carbon monoxide 
than. for oxygen, ..Following this mechanism, carbon 
monoxide out-ccetes oxygen for binding^ onto 
myoglobin molecules within the meat, structure __W 
complet ely displacing oxygen , the micro-environment 
^IhT^t becomes more anaerobic and. thereby. 

•r^hits che growth of aerobic 
.. prevents .or inhibits trie ,y 

15 microorganisms, such as Escherichia coli. which are 
responsible for spoilage - 

and illness.. Anaerobic bacterial growth, such 
as Microaerophils. is also i^-ibited when this 
^hod, is utilised. This proposed mechanism of 
;„ ' carbon monoxide action is . merely, ^illustrative 
purposes and in no -ay should be construed as 
limiting. 



25 ■» 
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"The ability "to inhibit or" prevent- the 
growth of inicrodrg^ims^'iiiowi' . for 'the-'exifended 
storage of meat treated: according Co 1 the present 
method! " that iirWa't's treated according • to-? the 
present invention ' have a ; longer storage' -life and 
remain both viable 7 and edible in a hon- contaminated 
form for periods longer than ^those available using 
current preservation techniques. ■ : 

In the practice or the present -invention, 
meat samples are placed" in an enclosure or 
container and flushed or 'expdsed to carbon monoxide 
gas. • - ■ 

The process consists of two stages: 

(A) -Meat packing"^ which • refers to 

introducing the meat into a confined CO atmosphere. 

"Packed' meat" refers to meat which has undergone 

the meat packing part of the process. 



r j B) "Meat ' preservation" which involves 

20 maintaining the "packVd meat- until it reaches the 
consumer . *■-■..• -. 

Meat Parley nfJ 

The container for treatment, storage, and 
transportation of meat by the method of the present 
25 invention can be constructed of various gas- 
impermeable material such as plastic, metal, and 
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,other,«aterials *np»n in, ^e. art, . ■ T*. container 
fC a» -^.equipped with t*th , gas . inlet , and outlet 
cfcanneis- which cim,be : o P ened, S0 ,allow the influx of 
gas (CO) or closed in order to render, the container 

sealed. * : '"> z-smzj ; - * "' 

: A suitable container, would . be capable of 

maintaining *. seal ; t Pi prevent. the escape 
tooncocide gas .from the container, for example, f the 
container,, can be a, sealed room, in which large 
^^-^ a given time., the 

containerjan^als o be a smaller. ^ ealab^ta^er 
or ^eT" Preferably", the coiner is of larger 
volume than .the volume of meat being treated to 
., allow for a greater volume of, carbon .monoxide gas 
15 to contact;, the meat sample. • 

ln ... a preferred embodiment of. , the 

\ invention, ^J^«aJ^^".?^ 
^^njluttc bags, constructed, of ,a material whxch 
iTsIfTfor ,the storage of food products such as 
polyvinyli*^^ Preferably, the plastic 

bags '~will _be.,constructed . of a. _ma^i v .Xhat„.xs. 

" iim ^ab"le,to the ^u^oij^^SE^^- 
tne ; , me ^~T^intained in the carbon 
monoxide, atmosphere within the bag (container) 

25 during storage. : 
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After^ apiece df-meat /to^ be .- .treated 
'\ acco ^Vto- the'-rfetKod-of-- tke present invention is 
^ placed in V suitabie-Vcdntainer / the. container is 
•' "then filled with theWgas: r,.^ addition of . the 
5 CO gas can be accomplished in any suitable manner,- 
' however, the preferred methods -include first 
rem^ng^ : ^ g aB v aft:irosphere . present ^ ^ 

'^^^ as 
is well known ^ the art> to rentove ^ i gases 

10 Present and the container; ,The container is' then 

fi ^^^L^Jzom_a source such" as gas 
cylinder. -■■■"-'■•-'<>.-- n.- . , .. • ' 

- The container is connected to- the CO 
containing ' cylinder and' CO is introduced*. i nput 
and output pressures are measured-, during, the 
filling process. The input, pressure is generally 
^maintained within a range of approximately - 1, 5 to 
' 5.0 atmospheres?' • The .preferred pressure, is 
approximately 2 ! 0 S atmospheres . Upon reaching the 
20 preferred pressure in the output, the gas flow is 
~ stopped and excess gas is allowed .to escape until 
• the " pressure ; : within- the container; - reaches 
approximately 1.0 to 1.2 atmospheres., . The 
preferred gas pressure in the container is 
25 approximately 1.1 atmospheres. 



15 

•.I 
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^ient^^erature^ct^the surrounding car. 

maintained -between -2 to VltC.. -i '= * 

........ ...^ parameters: that governor illing or 

5 , .exposure time van, depending =r. the.preesure .of the 

9as :input. the di^sions. ot, the inlet , and outlet 
channels, and the dimensions^ the container. _ 
. ,., : ror meat packing, exposure of only the 

. meat to carbon monoxide is 

.surfaces o£ the meat. 

. j Braver for the purposes of 
10 generally required- Koweyer._,t. . . ^ 

preservation, the gas.miing time should be 
long enough to alio, for, a sufficient amount of CO 

to.be completely absorbed (throughout M 
thicKness.intothe.meat undergoing treatment. That 

13 is . 

„ allow tor the complete penetration , and 
protection of the meat being treated. 

The gas filling time generally ranges 
^ !/from approximately one to thirty minutes with the 
20 preferred filling time being proximately «>ve 
. minutes. « - purposes of ^thls invents. 

exposure time is defined as the ; gas filling "me . 
V .^ain. it Should - noted that the length o 
"exposure of the . carbon . -oxide to a meat samp a 

and the weight of .the -t sample being treated. 
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That is, a larger and c heavie^-'rheat sample will 



require a longer period"" of ^exposure- -to the "carbon 

monoxide in order to --achieve Mong-term 

preservation, m other.words, : a larger meat sample 
5 will require a longer --exposure : -to.. carbon ^monoxide 
? in order to properly ■, preserve the meat sample 
without the freezing-.- o. -- . , 

the temperature .during' the carbon 
monoxide exposure is preferably between -2 and 37'c 

10 and can vary depending on the temperature selected 
to in order to carry out the method. 

Meat treated as previously described 
above generally contains from 5 ~ to ioo* by weight 
or volume of CO gas ^The preferred volume of CO in 

15 the treated^meat ;is-" approximateTy : 3 0%'' 6 f the weight 
of the" meat' (e.g. 'i6 ml for 100 "grams of treated^ 
meat) . ~ " " 'J ■.■ - • ... , 

=r«. Uhd6r thS meat P reserva tion method of the 

present invention;^ the meat surface 'is initially 

20 contacted with the CO gas. Since the surface of 
the meat is the "most prominent site - for the 
presence of bacteria, the meat treated- by the 
method of the present invention is immediately 
protected. Further, while sealed in the container, 

25" penetration of the CO gas " continues until the 
entire meat mass has been penetrated and, thereby, 



10/04/2002, EAST Version: 1.03.0002 



WO 96/33096 , 



-24- 



PCTAJS96/05373 



protected. This -» i ,P ? ne^i^an«s..£cr_^ 
co^lete sub^SST^" I-* ^cglobin and 
^otinb, the ™ ^ Di these ccap^ 
a6 iShown in the foUowing .exiles .- 
5 co treatment of the, .eat th^ou.V !ts thidcness 

alS o enables »eat which has be.n treated .,«=r4in 9 . 

to' the present rnvention. to ,-ntain a pleasing 

color lor extendi periods 

has been r«»ved 'fr OT the Packaging or gainer. « . 

. ■■■ " , ' ' aniat : ,; i s "as "shown in the 

10 which it was treated. That is, 

-.- - r --- --- - ^ ed according to the 

following examples, meat treated 

." „ __ h be transported, unpacked, and 
present invention can be crans»y 

^intaine* in a fresher, for a , further 
-extended period -of ti« without a loss of color or 

15 quality. ' 

The above discussion provides a factual 

M sis for the use of the present invention as a 

" ithod of "'longer, preservation 6f -neat at 

' di «erW ' textures without freeiing, > The 

„ exas,les also de^strate the' preservation -* ; the 

_ t after undergoing the treatment of the present- 

„ • „ ean be shown by the 
of the present invention can 

following examples. 



25 
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'. -—EXAMPLES' """ - -'-^u 



' " SSnf!!^ 2 f C0 ^°sure r 0n Time Dependent 
s Chancres m MP*t-~ rrVff r: . , 

■ Samples of fresh meat (30 grams "oi beef, 
veal, or turkey)- treated with CO by the method of 
the present invention Were incubated in a suitable 
. container for thirty minutes at a temperature of 
10 V ._1S±3-C. ^Control samples were treated identically 
, to. CO- treated meats, but were treated with air. The 
meat., samples were removed from the container and 
were placed on an- open benchtop at 15±3*C, or. in an 
air exposed thermostatically controlled environment 
15 at 37«c. The color of the air treated meats. turned 
brown gradually (within three hours at 37»C and 
twelve hours at 15 ± 3"C) , indicating non-fresh' or 
• spoiled meat. In contrast, phe CO- treated 'meat 
.... samples -maintained a wine-red color for at least 24 
20 .• ..hours following exposure. 



25 
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~e rn air N? and vacuum 
ConqpariBon of co, an, «2 

■- Fres h 'meatSia^rV^eef) "»« kept for 
5 six days, at. -2-C. ^ «-t was then cut into 30 

'"" granvpieces (4. X ^ X 0 .1 U , ■* d ^ ^ * ^ 
groups, and treated as follows,. (A) vacuumed, and 
( 2 -4, were.lntroduced into gas tight containers by 
T .ethod previously. described above and filled at a 
10 pressure of 1 .1 , atmospheres with gas at a volume 

Mnv i t-he volume of the meat, 
which was ten time (10X) the voxu 

The gases used -ere: group D filled with CO, group 
B filled with N 2 . and group C filled with air. A 
portion of the sables was >ept at u£C and the 
15 rest at 7'C. After tventy-four hours at is*3-C and 
48 hours at 7'C tit* dependent change, : «. color 
we re observed. The sables of group A Wntained 
" solely under -Vacuurc, -ire -brownish^urplev The 
- sanies of group B ^ treated • sa^lesK were 
20 -brbwhistf-red. The sables of 9 roup C ,air treated, 
eagles, were brown/ .However, the color- of the 
sa^es of C*oup D *0 treated were Unchanged 
refining bright wine-red as- shown- in Figure 4-. 



25 



10/04/2002, EAST version: 1.03.01 



WO 96/33096 



-27- 



PCT/US96/0S173 



Example* 3 



??i£V^^^^ e ** at Chunks: 

Tame Pepfnri^ncy firing Meat- p yf fTrr „ nripT1 



5 Beef chunk's of 0.5 - 1 . 5 Kg" we're' turned 

into (^treated meat sables by treating, with a 
100% meat" volume of gas according to the method of 
•the present invention. 'Control chunks from the 
J same source were treated identically but with air 
10 ^instead of CO. ; Ul of the chunks were kept af 4»C. 
. ^e surface color of the air 'treated meat became 
brown after three days. The meat chunks were cut 
transversely for observation of color changes. 
Color change propagated with time in all meats from 
15 the: surface towards the center of the chunk and 
. ...were brown in air ... treated samples and. wine -red in 
^ CO- treated _ samples. Following eighteen days of 
;i inCUbati ° n ' th «: air created chunks were completely 
-.- .dark : brown. .. In ..the CO-. treated meat, the color 
2a . change was 3.5m* from the surface after one 'and a 
, half hours. f Twelve hours pps,t treatment a two an 
>■■■;- ring. of color change was observed. Three days post 
treatment, only five percent of the area of the 
transverse section remained unchanged. After seven 
25 days post treatment the color change was complete. 
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n-f color from the surface 
Propagation or tne coiui ^ ^ 

iKt o.the interior .of , the.. chunks /^chunks ^ c 

com pared to chose chunks maintained kept under 100% 
'meat volume gas. It is i^oWant to note that care 
should be taken to prevent adherence of any of the 
; ° J meat surface to the container. ' 

■ , . » experiment, similar to the previous 

. ^e was performed except , that, the CO-treated 
15 meat chunk, and: the,.ir treated , meat chunks,, were 
removed ft^-their, containers after: 21 days.. The 
colors observed were the, same as ,in the previous 
. example.-. The chunks were open . to the 

atmosphere at 4-C. The ; color of the- CO-treated was 
20 maintained for fourteen days. « day 14, only the 
surface «« deep, of the CO-treated meat was 
brown, me coior of the air treated meat remained 
? - dark brown throughout as shown in Figures 5 and 6. 



25 
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Comparison of Bacterial "Growth Urider- : Air,- ' "i: 

. CQ and N 2 Atmospheres ' 



5 ; Meat .-.paroles weighing 4. 00±0. 18 grains, 

. were . . treated yl by, flushing with either air/ CO, or 
N 2 . After twenty- f our ^ hours of storage at room 
temperature (15±3°C) each of the treated meat 
samples was soaked in sterile 0.15M sodium. chloride 
10 -Xlml per. 2 grams of treated - meat) for ninety, 
minutes to extract any bacteria present" "on the 
surface of individual samples-. Aliquots of serial 
dilutions' of the extracts were: plated onto non- 
selective agar opiates (Bactoagar, -.Difco) and on 
15 Gram negative selective plates (Mac.Conkey, Difco) . 
All the plates were 1 'incubated over night at..37°c to 
allow bacterial growth: ; ' Bacterial colony -.counts 
per gram of '-metft '(mean ± SD) s are -summarized in 
" • •" Table l . .: ^ .• . . 

Gas in" '* No. of colonies 

AtmPSPhere grown on bactoaaar gram np^i^ 

25 Air (1.42±0.3)X10 6 (2.74±l".12)X10 6 

N 2 (1.63±0.3)X10 6 (0.46±0.25)X10 6 

C0 (0.29±0.01)X10 6 (0.02±0.01)X10 6 

30 
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, ;^r, Tnr1 w 1 fY ,. a nd F 11^> V "f CP-TrPHMd.MWt • . 

.., t ; ^jr z . -.samples,,, ,<?f- ,..C0 .treated . meat , of 
approximately 30 grams,, insight ^ or, ground meat 

5 samples, were stored: for, .up , to .seven, days - at a 
temperature between 4 to 10°C. • Samples of the CO 
treated meat were given to twelve starved cats (4kg 
per cat). Under these conditions, the meat samples 
were immediately consumed. -No mal-effects were 

10 observed in any of the animals" within 48 hours post 

consumption. 

Additionally, four dogsi^each ; i of which 
weighing - approximately fifteen ' -kilograms was 
offered 100 to 150 gram sample of CO preserved 
15 meat. ^The samples were consumed by -the dogs and no 
mal-effects were : observed In" any dog within 48 
hours after consumption. ' -* 

■•>■■ ■ ' cats were fed fresh CO treated • meat • • 
' (250 grams per day per cat -for* one <. week)-.. A 
20 - control ' group was fed meat from the same source 
which was treated identically but with air instead 
, - of c6. * The animals were continuously monitored by 
animal- tenders ahd showed regular behavior.. The. 
-animals were found healthy by a house veterinarian. 
25 At the ^ end of the experiment ; a blood sample was 
drawn from all the animals and the red -blood cells 
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were separated. The state of hemoglpbi^oin-; .these 
cells was .•g^i^'e^~8'pecc'rb^otooietxX<%Uyj. as shown 
in "Figure 3. ' From the spectra ; r at was found that 
the hemoglobin^cjf both groups was completely .-.in the 
oxyhemoglobin form- indicating no COs in- :the blood 
•* of the animals: fed" CQ- treated meat, 

• Exanm1f> 7 ■„ . . 

: v . Determination of , Shelf -Life Extension 

by Bacterial Count as Limited by 
: •'■ International Control Standards- 

Preservation at Rnnm To ffiDe r^ ll r eR , 

General- Mftfhn^ffT , ^ . 

Meat packing: Freshly slaughtered,, meat 
.(beef) chunks of ,0.5-1. S Kg were cut into 25cm 2 
pieces.,. 0, 5-1.0 cm width (12-20. grams) . Four 
samples , were ..immediately .submitted, to, bacterial 
count (as described below.).. The. .rest of, the 
samples were treated with CO according to the 
method of the .present invention. The gas pressure 
• was IlI atmospheres and the volume of gas. was equal. 
• to. (100%) of the meat .weight. . The gas, content was 
reither .air or 100%- CO., ; The samples were preserved 
25 within- a predetermined- temperature. range. 

Bacterial growth was measured at time intervals 
determined according • to the temperature of 
.preservation.- 



20 
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-V^aiuation^Qf^Hemog^ ... s . ? ..„. r 

f <fcaiity ;; ^ & 'tiie ; CO- treated meats 

"depends on the anWt^of^bin fractions converted 
T to^l^'fois'aiid thei^catioh. the location 
' : is Important since bacterial growth starts on the 
r surface of "the" CO^treaEed 1 meats as does CO 
penetration. Assessment of the CO bound myoglobin 
• and hemoglobin in the CO -treated meats waS carried 
10 1 out using two parameters: (a) measurements of the 
circumference width of zones "which underwent 
visible color change due to CO binding (CO-treated 
roeats were successively 0 cut transversely and the 
depth of the color- changed zone was Measured with a 
15 ruler) and (b) assessment of the CO bound fraction 
of hemoglobin and myoglobin in CO- treated samples. 

' procedure: Samples of 'the CO-treated 
' meats (1 to 5 grams) were homogenized in an equal 
volume of phosphate buffer (0.1M, P H'7.4> to 
20 extract both hemoglobin and myoglobin. The extract 
was centrifuged at 40,000 g for ten minutes. The 
^ supernatant V was isolated and its absorption 
>: spectrum was measured in the 400 to"700» range. 
5 From the position of the absorption peaks and their 
25 relative heights ^'fraction of CO bound globins 
was calculated. 
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according, to international standards and carried 
.out... by, a. ISO ,9000/IEc " Guide 25 licensed 
v bacteriological laboratory. As' bacterial growth' is 
5... mostly on the meat surface, the' "routine" 
' contamination . tests at governmental "' laboratories 
relate to. bacterial .growth on a standard 'minimal 
; area of 25cm 2 . The bacterial growth is then 
expressed as the number of bacteria per cm 2 . The 
10 most stringent standards allow a growth" of up to 
■ SX10 . 6 «?•? in log scale) bacteria per cm 2 ' while the 
. least strict ones consider a growth of up to ixio 7 
(7.0 in log scale) non- contaminated. 

c, . 7116 P roce dure entails treating a 25 " cm 2 
surface area sample of the meat with" 25 ml" of 
aqueous solution. The bacterial content' is. 
, . introduced . into the solution using a stomacher 
, apparatus (Seward Lab U.K.). This suspension is 
then diluted in a ten fold series up to lCT* in 0.1 
20... M phosphate buffer. p H 7.0. One ml of each' 
: dilution is applied to each of three types of 60mm 
^growing plates: (a, containing plate' count agar 
, (PCA,., Difco) incubated at 33°C±0.2 for 48 hours to 
: enable total viable aerobic count, (b) containing 
25 SPS agar (Difco) allowing Clostridium, growth, ' and 
(c) containing the same medium as a (a) allowing 
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.,, ti:m icroaerophil, gr^th, (C) plat6S 

.„ wer e confi^d within se ^ed.^robtp„ i t rs. H supplied 

■ ^ with r .g«o!g«P^^ ^° XOid ' K - ^ ^ 
incubated for twenty four hours at 35«C. Bacterial 
5 colonies (up to 200 per plate) were counted using a 

colony counter . 

- ^ - According ; to ^international health 
' standards, the n^xitnal bacterial . growth allowed for 
non^contaodnated "meat ' is 'lX10 7 /on 2 total viable 
aerobic bacteria and, 1X10 Vcm 2 of. microaerophils . 
. The-shel* life:.of a meat in a non-contaminated, form 
,was determined by the ,. duration, until , the above 
defined bacteria levels were reached (^ery^iflD 

flurption") . - ' ' 

Twenty experiments were carried out as 

follows: , meats samples we^e .preserved ^ 5*3. 5»C 
and bacterial counts were carried out at intervals 
• of- "four, days. ,: -The length of "preservation 
: : duration" in these^ experiments (.expressed- as, mean 
20 *SE) -were for microaerophils: .-8.7*2*1 days, for- air 
. tr ,ated samples.; ^and 18.9*3.-27 for CO-treated 
samples (see Figure 2a) ; by the criteria of total 
viable aerobic bacteria ll.l3tl.ll days for air 

o-x 12+2 79 for CO-treated 
treated meat samples and 23.12±2./* 

25 meat samples (see Figure 2b) . 



15 
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'"this^ l&t'a shows"-' -t^ia't"-- "the meat 
•preserv^titiri ' - methbd'-- of • -the- 'present— invention 
succeeded in extending the "shelf "life more than two 



10 



• '• • • : - . .... ■• 

ExanmlP ft, 

. . Determination of Meat Shelf -life 

Extension by Bacterial Count as Limited 
cy international .Control Standards • 
. Preservation at Mah v i r)am Tomp^y ^ 



As. in the previous example,, meat r samples 
were preserved" at -26*4-C. - -Due to .'the; high 
'temperature 'which accelerates bacterial growth, 
15 bacterial count was determined at : five hour 
intervals . Four experiments were carried outa and 
the length of "preservation duration" in these' 
experiments ^'(expressed as mean ±SE).were: by the 
* criteria of. total. ; viable aerobic . bacteria ,. 13±i 
20 : Tiours for air treated samples and.. 30±l. hours for 
CO- treated" samples (see Figure .1). By the 
- r micrdaerophils count criteria:, 9, 5±0. 9 hours for 
- : - - air treated samples and. 9. 5 ±0.8 -hours for CO- 
- 'treated samples. • . : - : 

25- 
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, . inhibition Of . Bad Odor , n ., 

5 " in all "eats .gwiapryed.as in.examples l 

through 8, it was found that by the time of 
detection of bad odors , in air preserved meats, no 
similar odor was detected in the CO-treated meats. 
This finding indicates that the arrest of meat- 
L0 spoilage-' W^ s - achieved by. the meat preservation 
method . of -the . present . invention. Consistently, in 
all preserved meat samples bad odor was detectable 
in samples which showed high count of bacteria. ■ 
Additionally, by the time bad odor was detectable 
15 by the average human nose, the total viable aerobic 
count exceeded 10 8 colonies/cm 2 , a value which 
exceeds that allowed for non- contaminated meats 
(1 0 7 colonies/cm 2 ). Thus, odor is a less sensitive 
indicator "of meat spoilage^: bacterial count. 
20 - However. odor«i. valuable because it, can be used by 
-most people including the meat consumers. 
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Table 2 represents the "preservation 
durationv -under , vajapul: conditions;; at. which CO- 
treated meat retained pleasing odors while air 
preserved meat sme lied badly"/ • 



10 



15 



20 



25 



30 



TABLE 2 



"Type of Size Temperature "Preservation 
:_meac ran 3e of duration in days 

preservation, • 

' • — ^ °c ■ 



Beef Slices 2-9 



18 



22-30 3 



Beef Chunks 2-9 



18 



'Chunks 14-17 - 7 



iVeal ."..Slices > -22-30 > 
Turkey ;.. • .Slices 22-30 



3 
3 



35 



Exarnnlg ift' 

. g 0 ^;'^ F r'orc Mpar surtax -inrp rhf r rrr 

Meat samples were sealed: in plastic bags under 
100* CO at a pressure: of about 1,1 atmosphere.. CO 
volume was 30 ± 20% of the meat volume. The bags 
were kept at 5°C. Figures 7-9 demonstrate a 
typical experiment in which meat was treated 
24 hours after slaughter. a sample of calf meat 
weighing 18 pounds (about 8 Kg) was cut into two 
nine pound pieces having maximum length of 30 cm 
and maximum width of 20 cm. One of these samples 
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4 ..*p. .kept, froze* a, rv -18»C , whl^ the ; . other ; was 
, , preserved in,CP. at 5°C, Aft,r three days, the bag 

, was: lef.t^:in the, open, air ;; for 3 half an hour. 
5 .-.at sample was cut, . transv^rsaUy ^at ,^out, pne.. 
, thirds: its aength,,(^.:cm^ro«n one edge). About 
3.0% of -the meat radius (from, surface to core) 
- changed in color -.from dark . to .bright ;: .red . (see 
Figure 7). Because any CO which reaches Hb/Mb 
10 bind quickly, the change in. meat color serves,*, 
measure of the CO diffusion rate. 

The meat samples were reassembled and 
repacked with CO. Following seven additional days 
at 5°C. the meat samples was again unpacked and cut 
15 .transversally once,., ia the middle of the sample, ,., 
.... about: IScm from the edge . (shown : in Figure 8)., and 
.once closer, to the ; end p A the sample, at about one 
■ th ird of the sample's length .(shown in , Figure 9) . 
, AS shown rin the transverse, cut in Figure 8, the 
20 meat was almost completely bright red, except, for a 
s? nall dark red, area shown, by an arrow. ; , This 

i ^ipt-e diffusion or saturation 
•indicates a nearly complete , cur sua . ^ 

fn the core of the meat 
of >the ,CA .from the^surface to tne co . . , 

- =>t- one third of the sample's 
sample. The cut at one tmr 

>, e rhat in this zone, oxy-Hb/Mb were. 
25 length shows that in 

„_ tn their carbomonoxy forms as 
completely converted to tneir 
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10 



15 



shown* in * Figure a " 9 S " Th¥ meat'- : ' samples ~- r were 
reassembled ^Snfl" kipi" at^5°G ■ Under. =00 f or - an 
•additional' two &a^s r ^o--ensure- complete. .-conversion 
of Hb/Mb to the ''cafbombrioxy-'- forms,- < After- 12? days 
"under CO ; at 5°C; T -the^ color of ■ a middle Sample - 
(transverse ait) differed dramatically from that of 
the frozen sample (see Figure 1-0)"; indicating that 
oxy-forms of Hb/Mb 'Were preserved in; the- frozen 
meat sample (Figure -9, right) While carbomohoxy 
forms prevailed in the CO treated meat (Figure 10, ' 
left) . -~ 



Example i,i , 

Appearance of rhp coofcpa ■M«t-^ 

From the 12 day-old, frozen- ^and CO 
treated meats (shown in Figure 10 Y,' 5cm- in -width 
pieces were cuV trans vers ally. ~ Each piece . was 
cooked in" 100 ml distilled water in a" covered- .pot 
on a low flame for' 120 minutes . -At the end of the 
20 cooking period, ail of the water had evaporated. 
The appearance of the cooked meat pieces is- shown 
in ~ "Figure 11'.' They were similar except for some 
browning of the surface of the CO treated meat due 
to complete water loss in the meat. * 
25 ' - - 
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. To • * reveal ; the -meatw interior. , . Che., . two 

pieces w.ere. cut- transversallif, .A ; smaU.test ,by ten 
different people assured that pieces railed alike 
having^ typical cooked meat smell. The transverse 
sections are seen in Figure 12 and were very 
similar' in * appearance . This experiment 

demonstrates the loss of the bound CO during the 
cooking process (heating) which leads to protein 
denaturation and heme degradation. 



10 



15 



20 



Example 12_^ . . , > 

; rn n ir° r"^ ™ in rhe Process 

rooking . - • 
A. Experimental procedure: . > - 

•.. ..••All measurements of CO release- in the 
process of cooking were carried out in a 7,5 .liter 
sealed regular pressure pot ("pressure cooker", to 
which tnanometer/thennometer was inserted to measure 
the 'temperature ; and pressure during cooking. The 
pot'wasalsb equipped with a controlled outlet 
(valve) . To ensure complete sealing the pot lid 

« ■ - lavpr of hxqh : vacuum grease 

25 was also smeared with a layer ot nxy 

prior to" locking Che pot. The pit M then heated 

oy cooking gas' for V tew mhutes until reaching a 

Ves-ire of l.S atmospheres ' and a temperature -of 

' (U3°C) : At this stage the pot was 

30 transferred to an electric heater for further 
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* cooking keeping:: tttS'^pressure: ^within: the pot at 
1 . 7±0 : f atmospheres and trie tenqperatiire at : ' : 
114± 12°C. Cooking time "varied among' ixperiments 
. Wi r thin the time range of regular domestic cooking, 
5 namely 60-140 minutes. The pot was allowed' to cool ' 
• Uat . . r i ea = hin 9 room temperature and then' was 
connected via the valve to a CO monitor. ""''The'' CO 
level in the pot atmosphere was expressed in PPM. 

The measure CO level ' in PPB(m) was 
10 translated and expressed as CO ppm(c) released from 
2 Kg of cooked meat (a family meal size) " into a 
sealed room of 3.0 square meters I (kitchen size 
dimensions) . Considering -the volume -of one mole of 
gas at room temperature ' 'as . 22 . 4 ; liters, the 
IS ^expected CO level was calculated as : > ; . 

' .PPM(c) = 0.074. PPM(m)/X 

... Where: PPM,(c) = calculated PPM; 
" ■ mt PPM(m) = measured PPM; 

• X .= meat weight in grams. 

20 . . 

B. Safety f: in cooking the CO treated meat: 

200-650 gram meat samples (either in one 
piece or ground) were treated with CO and stored 
within a confined CO atmosphere for 14 days at 5°C 
25 . f . The meats were cooked within 30 minutes of removal 
from the CO packaging bags. The results (expressed 



10/04/2002, EAST Version: 1.03.0002. 



PCT/US96/05373 

WO 96/33096 • 

-42- 



, r ,„as,, explained above) are J$ ^ AS 

" ^ be, ; seen, ; the.average ^ leyel Jlean 
... ± ;i S,D, . W.. was 0.,056 - ± ,, 0,026. ; ,(10 ).. :; In r all 
v. experiments, less than 0.1:; PPM :of CO •.. was released 
5 . from * Kg cooked meat ■ into .' the -hermetically closed 
room. ./.-Since the TLV-^for C0':is 25 PPM,, it- .can be 
- : seen that * the released CO level f rom the cooked 
. 1 meatM2Kgr in?- bur experiments, was far -below that 
safety-limit. In -fact it-Ms ; ;iow enough . not to 
10 alarm" a domestic CO ■ detector: (100 PPM. for 90 
minutes in a regular room size)... ' ; Thus, under our 
experimental: conditions, the consumer is not 
exposed- to danger;. Moreover, treated meats could 
be removed- .from their, CO-, packing .bags ,:and 
15 maintained for' at least 14 -days in the open air at-, 
v; 5 °C --without 'any risk of -CO release, prior to 
cooking . 

No statistically significant test 
analysis could be made because the experimental 
20 conditions were incomparable (chosen ...to cover , 
various cooking conditions) .... However, there is a 
trend showing that the level of -released GO is 
inversely correlated with the post -slaughter period 
♦ until CO. treatment began. Thus, the .sooner (closer 
25 to slaughtering)., the:, meat, was treated, the -higher, 
the CO -'level (see the declining order in items 1-4 
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in &b&til ^^Wmire-^f. l! N6t:e 'that* CO- Release 
level -refledt^the'^a douM 4 ' level « in- "the- meat. 
These findings a^ee ^with-a^ slow, aucooxidaeioii of 
' -« Hb/Mb in meats expbsed to air prior .to -CQ^packing, 
5 ' resulting.. In , formationvof . met -Hb/Mb which can no 
longer bind CO. - Therefore, upon packing, .l ess CO 
• will be boundl^and consequently less .£0 will be 
releas «d -later upon- cooking. .The data from Cl the 
experiments (items ,<6-.Ba in Table 3) suggest, that up 
10 to. .a period of two. days post -slaughter, CO -release . 
level- was 'similar .... r ■■ 

■ From- items 8a-.8c. (Table i) , .whereim the 
portions of the same CO treated sample were; removed 
from -the CO packing-bag; and exposed to open: air. for 
15- various/ periods, it appears that .the.: CO was 
- ■ maintained within the samples for at, *east three 
days. 

-■• 'Example , 
20 ' ;, J • Release of co hy. r^ lT11 

Freshly drawn human blood was used ,. r . The 
red -cells were washed and lysed. in a hypotonic 
buffer." The mixture was centrifuged to separate 
cytosol from membranes,. ■ The concentration of 
25 hemoglbbin in the:, solution - was measured 
spectrophotametrically and was found to. be. 16. 2 mM. 
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The solutionis b^er and CO was 

gently fished .above' the solution ^surface ; while 
seeing., fpr. 30 : W s ; »^f- of 
dithionite ' was added to consume any residua! 
5 oxygen. ■ The. color- °f Che solution, turned bright 
typical of carbpmonoxy Hb. tt» solution was 
then" left while stirring (for 15 minutes, to the 
0** air to released dissolved 1 CO . The tt> «» 
identified spectrophotometry as carbomonoxy 
10 „b The hemoglobin solution was cooked exactly as 
the meat and the amount of CO in the pot atmosphere 
„as measured. From the concentration =f hemoglobin 
(each he me molecule binds one CO molecule, the 
amount of CO molecules was caicUlated in ,the 
15 solution. From this amount and the pot volume, the 
recced PPM level of totally dissociated CO was 
calculated. As in the procedure of 
the gas level in the pot was measured by the CO 
monitor. The ratio of measured to calculated CO 
20 levei turned cut to be 1.06 indicating that, within 
^erimental error, all CO was indeed- released -from 
the Hb by cooking. 



25 
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TABLE ' j f CO RBLF&filf -T ^OM"^|^- ^ vpe 0 rfl" 

Item Meat"""" *"* Post Slaughter * ! ' PPM(c) 



No form period* to treatment^ of 'CO 



(days. 



5 D Ground 
-•^ 2), Ground,, v 

3) Ground 

4 ) . * Ground 



5 ) Ground 

.-. i, j "... 

10 6) Chunk 
7) Chunk 

- 8a). , , . Chunk ; 
8b) Chunk 



6 • 0.052 

8 . 0.039 

8 " : 0.039 

10 0.013 
1(14)* " '°V.033* 

' 0. 0.. 093 

0 0.053 

s ' ... 

2 ■ .., r0.07l 



2d)'* '"' • 0.076' 



--8c) ,j- Chunk . 2(2)* r . . 0 . 088 
15 _ 

All meats (200-650 gr) were treatedwith CO and 
were stored in CO atmosphere for 14 days at 5°C. 
The meats were cooked within 30 minutes after 
exposure to air. (*) refers to exposure period at 
20 5°C (in days) in the open air following removal 

from CO packaging bags, items fla-c are sub-chunks 
which were left in the open air for different time 
periods. Average PPM(c) = 0.056 ± 0.026 



i0/0472002, EAST Version: 1:03.0002 



PCI7US96/05373 

WO 96/3309$ .... 

-46- 



The invention, has b?«n described in an 
illustrative manner, and . it is ? to , be j^ s ^° od 

that, the; • terminology ^whlcK'^as ; been' >e* b ■ is 

intended to be in the nature of words of 

5 description rather than of limitation. 

Obviously, many modifications and 
variations of the present invention are possible in 
light of the above teachings. It is, therefore, to 
be understood that within the scope of the appended 

10 claims, the invention may be practiced otherwise 
than as specifically described. 
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What is claimed is: 



5" 1. A method for preserving meat by: 

" " exposing ^ raw ' meat to an' atmosphere ^consisting 
essentially of cartoon monoxide ^ and maintaining the 
meat in a vacuum free/ sealed container to maintain 
color and freshness while retarding bacterial 

10 growth. r . , .. - . . . . ,•: -. 

' 2. A method as set forth in claim 1 wherein 

"said exposing step is further defined as completely 
inmersing the meat throughout with" an atmosphere 
15 consisting essentially of carbon monoxide . 

3. A method as set forth in claim 1 wherein 
said exposing step is further defined as exposing 
the meat to carbon monoxide gas for approximately 1 
20 to 30 minutes prior to sealing the container. 

4. A method' as set forth in claim 3 wherein 
said exposing step is further defined as exposing 
the" meat to carbon monoxide gas for approximately 
25 five minutes' prior to sealing the container. * 
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5. A method as set forth in claim l wherein 
said exposing step is further defined by exposing 
the meat to a volume of carbon "monoxide ranging 
5 from approximately J 5 to 100 percent by " weight or 
volume of meat being treated. -■>■■•■'-" "•■?■■ ..- 



10 



6. 



A method as set forth in claim 5 wherein 
said exposing step is further defined by exposing ' 
the meat to a volume of carbon monoxide of 
approximately thirty percent by weight or volume of 
meat being treated. 



7. A method as set forth' in claim l wherein 
15 , ex P° sin 3 ^tep is further defined as exposing 

.the meat to carbon monoxide gas between a 
temperature range of approximately -2 to 37°c. 



8 . A method as set forth in claim i wherein 
20 the sealed container is a plastic bag. 

9. - A method asjset forth in claim l wherein 
the sealed container is a sealed. chamber . 



25 
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15 



20> 



25 



v . v 5a .Q f . rA ..^thp^ a^^ftta^rthsin cl£ 4 m 1 wherein 
,the_, carbon; .monoxide,: in : the container ; has _ an 
atmospheric pressure ^.ofi,, approximately 1.5 po 5 
a.tmospheres...; . (t>v , , ;-ir \u:.v. '-' ^ '■'■' r 

11. A method as set forth in claim 10 
wherein . ^he. carbon monoxide in the container has an 
atmospheric pressure of approximately. : 2.0 
atmospheres. 

12. A method as. set forth. in claim 1 further 
including the step of storing the meat at a 
temperature above freezing . following ,said carbon 
monoxide exposure step.. 

13. A_method as . set forth in claim 12 
wherein the temperature is, further defined as a 
temperature range from approximately -2 to 30 °C. 

.14. Meat, treated and . preserved by -the 
process comprising the steps of:. ,, ; 

v exposing -, raw meat , to an, atmosphere 
consisting essentially of carbon monoxide, , and 
maintaining the meat in a, vacuum free sealed 
container to maintain color and freshness while 
retarding bacterial growth. 



10/04/2002, EAST version: 1.03.0002 



WO 96/33096 



-51- 



PCT/US96/D5373 



*"' ' " fleatP^eaied^ and preserved by the 

process according :, i6 claim- 14 wherein -said exposing 
step is f urtheV'def £ned' as Completely 'intmersirig the 
meat throughout with an atmosphere* Consisting 

5 essentially of carbon monoxide. 

Meat treated' ! : and" preserved' by' the 
process according to claim 14 wherein the exposing 
step is further defined as exposing : the meat to 
10 carbon monoxide gas for approximately one to thirty ' 
minutes" prior to 1 sealing the container. * 

■ * ' " ' . ' x . , . 

17. ' Meat treated" '-and" preserved" 'by the 
process according to claim 14 wherein the '"'exposing 
15 step is further defined by exposing the meat to a ' 
volume of carbon monoxide for approximately five 
minutes prior to sealing the container'.'' 



20 



• ■ i TV . : 



18. Meat treated and preserved by the 
process according to claim 14 wherein the exposing" 
step is further def ined -as exposing - meat -to a 
volume of carbon monoxide ranging from 
approximately 5 -to 100 percent by weight or volume 
of meat being treated.- : .- ■ 



25" 
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. _ ,, l9 .-,Meat ir( tre^e^ ^preserved by the 

"V process according to claim 14 .wherein ^exposing 
' , .step- is. father defined a* exposing meat to a 

volume of.,c,rbon ; monoxide ^ of . ; approximately 30 

5 percent by weight or volume of meat being treated. 



20. Meat, treated and preserved by the 
process according, .to claim, 14 wherein .the sealed 
container is a plastic bag. 



10 



15 



20 



21 Meat treated and preserved by the 
process according V claim 14 ^herein 
container is a sealed chamber. ^ 

* ' 22 Meat treated" and "preserved by the 
process according to clai* 14 ^whereih the Wbon 
monoxide in the container has an atmospheric 
pressure of approximately 1.5 to 5 atmospheres. 

23 Meat treated and preserved by the 
process according to claim 21 wherein the carbon 
.onoxide in the container has an atmospheric 
pressure of approximately 2.0 atmospheres. 



25 
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' P^8- accdfd^g & ^ i* further 'including the 
step of storing t¥e iftfc^fc Y temperature^ above 

;, free2W ' io£l ^ carboh-monoxide-'e^dsure 
5 step. ' " ' *- T ' '• t..; ; . 



25. Meat treated and preserved by the 
Process according to * claim 14 Wherein the 
temperature is further ' defined as a temperature 
10 range from approximately -2 to 30 °C. 

. 26. Meat treated and preserved by the 
process according to claim 14 wherein said exposing 
step is further defined as exposing the "meat to 
15., carbon monoxide gas between a temperature range of 

approximately,,- 2 to 37°C. 
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BEEF STEAKS MAINTAINED 

A.' VACUUM PACKED (7° C)'- y ■■■ , . ' / - - 

B FIliLED WITH NTTROGEN (15±3°C) 

C FILLED WITH AIR (15±3°C) 

D FILLED . WITH CO (1S±3°C) 



/Fig -4 
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BEEF CHUNKS MAINTAINED rAT, 4°C FOR 2!b:DAYS 
AND- .ADD I T I ONAL - 14 : DAYS UNDER AIR ' 



Fig* 5 
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